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[57] ABSTRACT

Accordin to the prcscnt invention, even when thc two-layer
mode in which thc insiclc air is introducccl into a first air
passage anal Ihe outside air is introduced into a secoml air
passage is set, it is further determined whether air mix doors
are con(rolled at the maximum ho( posiuons. When it has
been determined that the air mix doors are controllecl at the
maximmn hot positions, the inside,'outside air introduction
mode is still set to the ttvo-layer mode, bccausc thc tcm-
peraturc diffcrcncc duc to the outside air tcmpcraturc is
small, however, otherwise, the insi&le(outside air introduc-
tion mode is not set to Ihe Iwo-layer mode but is set to a

mode m which the outside air is in(roduce&l into the both air
passages. In this &vay, it is possible to prevent the difference
between the temperatures of the air blown out from a
dcfrostcr opening portion and a foot opcnin pornon from
bein increasecl due to thc tcniperaturc of thc outside air.

Primvrr Fxvni/Her—John K. Foul
,4//vrner, Agen(, vr Fin(i~amass, Dickey &Yc Pierce, PLC

3,948,3 I 2 4/(97(i Niabct 1(i5 42 6 Claims, 13 Drawing Sheets
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AIR CONDITIONER FOR VEHICLE

CROSS RL'I'LiRLiN(IL'I'0 THL RL'I.AI'Lii)
APPLICATIONS

This application is based on and claims priority of Japa-
nese Patent Applications of No.7-327606 liled on Dec. 15,
1995, No.S-63415 liled on Mar. 19, 1996, No.S-194996 liled
on .Iul 24, 199&i, and No S-2SSSOL tiled on Oct. 30, L9')&i

BACKGROUND OF THE INVENTION

1. Fielri of the Invention
Thc present invention relates to an air conditioner for a

vehicle, which includes an air conditioning case having
thcrcin a first air passage and a second air passage and
introduces the inside air and ihe outsirie air into the first air
passage anil the secoml air passage, respecuvely.

2. Descnption of Relateil Arts
Conventionally, an air conditioner for a vehicle, of this

type, has been disclosed in .IP-A-5-12442&i In an air con-
ditiomn case of this air conditioner for a vehicle, there are
formed an inside air inlet and an outside air inlet on onc cnd
side anil formed on thc other cnd side a foot air outlet, a
deiroster air outlet and a face air outlet.

In the air conihtioning case, there is provideri a partiuon-
ing plate which partuions an interior thereof into a lira( air
passage extending from the inside air inlet to the face air
outlet and the font air outlet and a second air passage
cxtcnding from thc outside air inlet to thc defroster air outlet.

Further, in thc both air passages, there are provided a
heating heat exchanger, a bypass passage bypassing thc
heating heat exchanger, anti air mix doors. The air mix doors
are constructed such thai ihe door on the lirst air passage side
and the door on the second air passage side are integrally
provided on a single rotary shaft rotatably provided over the
both air passages

When any onc of a face mode, a bi-lcvcl mode and a foot
mode is sclcctcil as thc air outlet mode, if the inside outside
air mode at this time is an inside air circulation mode, the
inside air is introduced into the boih air passages. On ihe.

other henri, if the insuleiouiside air mode at ihai time is an
outside air introduction mode, the outside air is introduced
into the both air passages. Also, ivhen a defroster mode is
sclcctcd as thc air outlet mode, the outside air is introduced
into thc both air passages.

When a foot/dcf mode is selected as thc air outlet niode,
the insideioutside air mode is set io a two-layer mode, in
whtch the inside air is introduced into the first air passage
and the outside air w introduceri into ihe secoml air passage.
By usmg this two-layer mode, since the interior of the
passenger compartment is heated by the inside air having
bccn already hcatcd, thc heating perfomiancc is enhanced.
Further, since the outside air having low humidity is blown
out into the v:indshield, the frost prevention performance of
the wtndshield is enhanceil.

In contrast to the above air conditioner for a vehicle, there.
has been disclosed an apparatus ivherein the air mix door on
the first air passage side and the air mix door on the second
air passage side arc independently rotated in JP-A-62-29411.

Howcvcr, as a result of thc present inventors* studies and
examinations, it turns out that, in thc apparatuses disclosed
in JP-A-5-124426 anil JP-A-62-29411, when the iwo-layer
mode in which the insirie air is introduced into ihe Iirst air
passage aml the outsule air is introduced into ihe second air
passage is set, since the temperature difFerence (hereinafter
referred to as '*upper/lower temperature difference'*)

between the temperature of. Lhe air blown oui into ihe feet of
ihe passenger aml the temperature of the air blown out into
the svindshicld varies duc to thc temperature of thc outside
air, the passcngcr may feel uncomfortable rlcpcnrling on thc
temperature of the outside air introduced at that time I'he
reason will now be descriiied.

First, in the apparatus disclosed in JP-A-S-124426, as
mcntioncd aiiovc, thc air mix door on thc tirst air passage
side and the air mix door on the second air passage side are
both rotated integrally with each other. Accordingly, whenic
ihe mteitor of the passenger comparimenL is set to a prede-
termined sei temperature, ihe air mix doors on both the first
anil second air passa c siilcs have thc same prcdctermincrl
opening dcgrccs.

Here, since ihe inside air is introtluced into the iirsi air
is

passage, the tcmperaturc of the air iilown out from thc foot
air outlet to the feet of the passcngcr through this first air
passage has no relationship with the temperature of the
outside air. I ioivever, since the outside air is introduced into
ihe second air passage, the temperature of the air blown oui
from the defroster air outlet to ihe windshield through this
second air passa c varies in corrcsponrlcnce with the tcm-
pcrature of the outside air.

Accordingly, in ihe case ihe air mix doors are rotated to
ihe predetermined opening degrees, even if the upperilower

as tcmpcraturc diff'erencc when thc temperature of thc outsiilc
air is a prcilctcrmincil value is comfortable for thc passcngcr,
the temperature of the air blown out to the windshield
becomes higher svhcn thc tempcraturc of thc outside air is
hi hcr than the prcdetcrmined value, despite thc tcmperaturc

.io of the air thai blown out io ihe feei of the passenger does noi
vary, ihe upper/lower temperature diiference becomes
smaller and as a resuh the face portion of the passenger may
be flushed

W'hen ihe opening degrees of the air mix doors is so
as adjusted as to decrease the air temperature to prevent the

face portion from being flushed, since both of the air mix
doors for the air passages are moved to ether, the tempera-
ture of thc air blown out to thc fact of thc passcngcr may bc
inconvcnicntly lowcrcrl, and as a result a cool fcelin duc to

sc ihe cool air is given io ihe feel of the passenger.
Also, ivhcn the upper lower tcmpnaturc ilifl'crencc is

tuned so as to iic an appropriate value in a mode where the
minde or outside air is introtluced into each of ihe first and
second air passages, ibis temperature difference, since the

LS temperature of the air blown out to the ivindshield is lowered
in accordance with a decrease in the temperature of the
outside air introduccil into the second air passage when thc
insideioutsiilc air mode is set to thc two-layer mode, thc
upper,'lower tcmperaturc rliffercncc becomes larger, and thc
passenger may feel uncomfortable.

Also, in the apparatus in JP-A-6Z-29441, since thc pas-
sen cr manually ailjusts thc tcmpcratures of thc conilitioned
airs in the lira( and second air passages, there is no descrip-
lion of. Lhe method against the variation in the upperilower
temperature difference due to the change m the temperature
of the outside air in an automatic air conditioner in which the
tcmpcraturc of thc conditioned air is automatically con-
trolled. As a result of studies anil examinations by thc
inventors, it turns out that, ivhcn thc opening dcgrce of thc
air mix door provided in ihe seconri air passage is set io a
certain value, ihe temperature of. Lhe outside air decreases,
and the upperiloiver temperature difference becomes larger

SUMMARY OF THE INVENTION

ss In view of. ihe above, ihe present invenuon has an obiecL
to reduce the upper,loiver temperature ditference clue to a

change in the temperature of the outside air



The inventors have experimented on the air conditioner
includtng:

an air conrlitioning case having a first inside air suction
port an outside air suction port formed nn one end side
and a fool opening portion for blov:ing oul an air
toward foot of a passenger within the passenger
compartment, a defroster opening portion for blowing
out thc air toward an inner surface of a windshield of
the vehicle, formed on the other end side therenf;

a partitioning mcmbcr for partitioning an interior of thc
air conditiomn case into a first air passage extending
from the first inside air suctinn pnrt to the foot npening
portion and a second air passage extending from the
nutside air suction port to the defroster opening pnrtion;

an air blower for generating air tlow in the first and second
air passages in a direction from the one end side to the
other end side of the air cnnditioning case;

a heating heat evchanger provided in the first and the
secnnrl air passages, fnr heating the air in the first and
second air passages;

bypass passage formed in the first and second air
passages, fnr bypassing the heating heat exchanger;

air amnunt ratio adjusting means dispnsed in the first and
secnnrl air passages, for adjusting an air amount ratio
lietween the air passing through the heating heat
cxchangcr and thc air passing throu h thc bypass
passage; whcrcin,
the air amount ratio adjusting means adlusls both of Ihe.

air amount ratio in the lirst air passage and Ihe, air
amount ratin in the second air passage in the same
manner

In the evpenmentatinn, the difTerence betiveen the tem-
pcraturcs of thc air from thc respcctivc opening portions in
accordance with the variation in thc temperature of thc
outside air when Ihe inside,'outmde air mode has been sel io
the Iwo-layer mode in which the inside air is inlrorluced inio
the lira( air passage and the outsule air is introduced into Ihe
second air passage is measured (I) in a case ivhere the air
amount ratin adjusting means is in a state in which all the air
from thc air blower passes through thc heating heat
cxchan cr, and (2) in a case whcrc the air amount ratio
ruljusling means is in a slate in which afi of. the air from Ihe.

air blower passes through the healing heat exchanger and Ihe.

remaining H of Ihe air passes through the bypass passage.
I'he temperature of the inside air at the time of the mea-
surement is 25'

As a result, as illustrated in FIG. 17, in thc above
mcntioncd both cases (1) and (2), the upper(lower tempera-
ture d(ITerence ((the temperature of Ihe mr blown oul from
the foot opening portion)—(Ihe temperature of. ihe blowout
air from Ihe defroster opening portion)) becomes hirger as
the temperature of the nutside air becomes lniver I'he reason
for this is because the temperature of the air blown out from
thc foot opcnin portion does not vary and thc temperature
of thc air blown out from thc defroster opening portion
becomes lower as Ihe temperature of the outtude air becomes
lower.

The rlegree of. the vanation in the upper/lower tempera-
ture diiference in accordance with the variation in the
temperature of the nutside air is much larger in the case (2)
than in thc case (1). Spccificaliy, when the temperature of thc
outside air is —20', as compared with when thc tempera-
ture is O'., the upper/lower temperature dilTerence
becomes larger by 4'. in the case (I), and in contrast io
this, becomes larger by even g'. in Ihe case (2).

This is because the amount of the air passing through the
bypass passage, i.e, the amount of the air flowing directly

toward Ihe defroster opening portion without being heated
by lhe heann ~ heal exchanger, is larger in the case (2) than
in thc case (I). Accordin ly, thc tcmpcrature of thc air blown
out from thc defroster opcnin portion becomes lower in thc
case (2) than in the case (I) as the temperature nf the outside
air becomes loiver, and as a result the upper(1ower tempera-
ture (hlTerence becomes larger in lhe case (2).

In view of the above fact, accortling to an aspect of the
present invention, thc air conditioner includes maximum

1(i
hcatin state detecting means for detecting that lioth of thc
tirst heatin amount adjusting means and the secnnd heating
amount adjusting means are in the maximum heatin states
where each heating amount is substantially maximized
When Ihe maximum heaung state detecting means has
detected thc maximum heating states, the insirlc air from thc
first inside air suction port is introtluccrl into thc first air
passage, and the outside air from the outside air suction port
is introduced into the second air passage When the maxi-
mum heann ~ state detecung means has not yel detectetl lhe
maximum heated slates, the outside air from the outside air

zo suction port is introduced into thc first anti scconrl air
p assi gus.

Here, the maximum heating state incluiles the slate in
which the first and second heating adjusting means have a

slight surplus heatin amount. 'I'hat is, it is applierl to the
zs case (I) in I'IG 17, the state includes not only that the air

from thc air bloivcr passes throu h thc heating heat
cxchan er by thc air amount ratio arljusting means, but also
that some small amount of air (e.g. 1(le!(,) flows through the
bvpass passage.

In this way, ivhen the air amount ratio adjustin means
corresponds to the maximmn heating state, as in the case (I)
in l(IG. 17 the de ree of the variation m the upper(lower
tcmpcraturc ditfcrcncc in accordance with thc variation in
thc tcmperaturc of the outside air is low and thcrcforc thc

is de ree of. giving an uncomfortable facing to the passenger
is low even when the inside/outside air mode is sel lo lhe
lwo-layer mode. Accordingly, al this time, the two-layer
mode is set. In this ivay, it is possible to improve Ihe heating
performance for the passenger compartment as well as the

in frost prevention pcrformancc of thc windshiclrl
On thc other hand, when thc two-layn mode is sct in the

slate other than the maximum heaung state, lhe problem
similar lo that in the case (2) m FIG. 17 inconveniently may
occur. Therefore, al Ibis ume, lhe two-layer mode is not set

as and the mode in which the outside air is introducerl into the
both air passages is set. In this way, it is pnssible to prevent
thc occurrcncc of a variation in thc upper lower tcmperaturc
ditfcrcncc in accordance with thc variation in thc tempera-
ture of Ihe outside air, thereby eliminating Ihe uncomlortable

sn facing given lo the passenger.
According lo another aspect of the present invention, lhe

air conditioner includes air heating capacity detect(ng means
for detecting an air heating capacity of said heating heat
cxchan er. When thc air hcatin capacity detecting means
has dctccted that thc air heating capacity of the heating heat
exchanger is equal to a predetermined capacity or less, the
minde air from the lira( inside air sucuon port is introduced
mlo the lira( air passage and the outside air from lhe outside
air suction port is introduced into the second air passe e
When the air heating capacity detectin means has not yet
detcctcd that thc air heating capacity of saitl hcatin heat
cxchan cr is equal to a predetermined capacity or less, thc
outside air from Ihe outside air sucuon port is introduced
into the first and second air passages.

as The predetermined capacity means the minimum capacity
which is needed to heat the passenger compartment to such
an extent as not to give a feeling of enid air to the passenger



The heating capacity, which is equal to the predetermined
capacity or less, means that it is not po«ible to heat the
passenger compartment tn such an extent as not to give the
feeling of cold air to the passenger I'herefore, according to
thc prcscnt invention, at this time, thc two-layer niodc is sct.
In this way, thc warm inside air is introduced into the first
air passage as compareil with the case in which the outside
air from the outside air suction port is introduced in each of.

the first and second air passages, and therefore it is possible
to imprnve the heating capacity for the passenger compart-
ment

Also, when thc air heating capacity is equal to the
prcdctcrmincd capacity or more, i.c., when it is possible to
heat the passenger compartment to such an extent as not to
give the feeling of colrf air to the passenger, it is not always
necessary to set the two-layer mnde in order to improve the
heating capacity. In the present invention, at this time, the
outside air from the nutside air suction port is introduced
into each of thc first and second air passages. Accordingly,
it is possible to prevent thc occurrence of a variation in thc
upper,'lower temperature ihlTerence in accordance with Ihe
variation in the temperature of the outtnde air, thereby
ehminating the uncomfortable feeling given to the passen-
ger

According tn another aspect of the present invention,
when thc inside air from thc first inside air suction port is
introduced into thc first air passage and thc outside air front
the outside air sucnon port ts introduced into the second air
passage, at least one of the lirst and secoml heating amount
adjusting means is controlled in such a manner that tem-
peratures of conditioned air in the first and second air
passages, which are contrnlled by the first and the second
heating amount adjusting means, rcspcctivcly, approach to
each other in accordance with the decrease in a temperature
outside Ihe passenger compartment.

In this way, Ihe lirst and secoml heanng amount arltusting
means are respectively inilependently controlled, aml tem-
peratures of conditioned air in the first and second air
passages are controlled so as tn approach to each other in
accordance with thc dccrcasc in a temperature outside the
passcngcr compartment. As a result, it is possible to suppress
the upper/lower temperature dilTerence from increasing.

According Io still another aspect of. the present invention,
the air conditioner further inchirfes an inside air temperature.
sensor for detecting an air teinperature in said passeiiger
compartment, and an outside air temperature sensnr for
dctccting an outside air outside the passcngcr compartment.
When thc outside air tcmpcrature detected by thc outside air
temperature sensor is lower than the inside air temperature
detecterf by Ihe inside air temperature rfetecting means by a
predetermined temperature or more, at least one of the lirst
and second heatmg amount adjusting means is controlled in
such a manner that temperatures nf conditioned air in the
first and second air passages, which arc controlled by the
first and thc second heating aniount adjusting means,
respectively, approach to each other.

In this way, when the outtnde air temperature ts lower than
the inside air temperature by a predetermined temperature or
more, at least one of the first and second heating amount
adjusting means is controlled in such a manner that tem-
pcraturcs of conthtioncd air in thc first and second air
passages approach to each other, and therefore the uppcrr
lower temperature difference can be certainly reduced.

According Io further another aspect of the present
invention, the air conditioner includes a cooling heat
exchanger provided in the first and second air passages, for
cooling air in the tirst and second air passages, and refrig-

erani supply conirol means for conlrolling an amount of
refrigerant supplied to the coolin heat exchanger When
supply of the refrigerant to the coohng heat exchanger is
stopped by the refrigerant supply control means, at least one
of the first and second hcatin amount atljusting means is
controlled in such a manner that tcmpcratures of conditio neil
air in the lirst and second air passages, which are controlled
by the lirst aml the second heating amount adjusung means,
respectively, approach to each other m accordance with the

Io decrease in a temperature outside the passenger compart-
ment

As illustrated on the right sirlc of FIG 13, when the
rcfri erant is supplicrl to thc cooling heat cxchangcr, thc
upperlower temperature dilTerence is small, and as illus-
trated on the left side of. FIG. 13, when the supply of the
refrigerant to the cooling heat exchanger is stopped, the
upperilower temperature ditTerence is large. Therefore,
ivhen the upper loiver temperature difference is large, the
uppcriloiver tenipcrature diff'ercncc can be certainly

oo rctluccd.
According io still another aspect of the present invention,

Ihe second heating amount adjusting means increases Ihe
heating amount of the air within the second air passe e in
accordance with the decrease in the temperature outside the

"s passenger compartment
In this way, since thc heating amount of thc air within thc

second air passa e is increased by thc second heating
amount adiusting means, it is possible to give an uncom-
fortable feeling to the passenger due Io Ihe decrease in the
temperature of the conditioned air.

According to further another aspect of the present
invention, the air conditioner includes a first cnnditioned air
tcmpcraturc sensor for detecting a tcmpcraturc of contli-
tioncd air in thc first air passage, air-contlitioned by thc first

is heanng amount adjusung means, anil a secontl contlinoned
air temperature sensor lor iletecting a temperature of con-
ditioned air in the second air passage, air-condinoned by Ihe
second heating amount adjusting means, and comfortable
range determining means for determining whether a tem-

xo pcrature dift'crcnce lictwcen the tempcraturcs dctcctcd by thc
first and second conditioned air temperature sensors is
within a predetermined comfortable range. When it is deter-
mined by the comfortable range determining means that the
temperature dilTerence is withm the comfortable range, the

as inside air from said first inside air suction port is mtroduced
into the first air passage and the outside air frnm the outside
air suction port is introduced into thc second air passage.
When it is dcterniincd by thc comfortalile range rlctcrmining
means that the temperature ihllerence is not within Ihe

so comfortable range, Ihe outside air from Ihe outside air
sucuon port is mtroduced into the lirst aml second air
passages.

In this way, only when the upperilower temperature
differcncc is within thc comfortable ran c whcrc thc pas-
sen cr fccls comfortable, the two-layn mode is sct.

Accorihng to still another aspect of the present invenuon,
Ihe air comhuoner mcluiles frost comliuon detecung means
for detechng a condition that said wintlshielil may be
frosted. When the frost conditions detecting means has
detected such a condition, the outside air from the outside air
suction port is introduced into thc first anil second air
passtigcs.

In Ibis way, when there is a condition that Ihe windshield
may be frosted (for example, immediately after the passen-

ss ger has gotten on Ihe vehicle in the winter season), Ihe
outside air from the outside air suction port is introduced
into the first and second air passages, and the frost preven-



tion effect of Ihe winrfshielrf is improved, because Ihe.

amount of ventilation becomes larger than that in the two-
layer mode.

According to still another aspect of the inventinn, the air
conditioner includes first suction port openingrclosing
means for fully closing thc communication passage when
the first inside air sucnon port is tully opened and for fully
opening lhe communicanon passage when Ihe fatal inside air
suction port is fully closed

In this way, ivhen the maximmn heating state detecting
means has detected the maximum heating state, the first
inside air suction port is fully opened and the communica-
tion passu c is fully closed, by means of thc first suction port
opentng/closing means, thereby setting the two-layer mode.

When the maximum heaung slate detecting means has nol
yet detected the maximum heating state, the first inside air
suction pnrt is fully clnsed and the communication passage
is fully opened, hy means of the first suction pnrt opening
closing means, thcrcby setting thr outside air introduction
mode in which the outside air is introduced into both air
passages.

According to still another aspect of the invention, Ihe, air
conditioner includes outside air intrnduction mode setting
means for setting an outside air introductinn mode in which
the outside air from the outside air suction port is introduced
into thc first anil second air passages, and second suction
port opcnin,iclosing means for opening thc outside air
suction port when the outside air introrfuclion morfe has been
sel by the outsirfe air introduction mode setting means.

In this way, when the outside air introductinn mode has
lieen set by tile outside air introduction Inode setting mealis,
the outside air suctinn pnrt is opened Accordingly, if at this
time the communication passage is ciosed, thr inside outside
air mode is sct to thr two-layer mode. On the other hand, if
at this time Ihe communicauon passage is opened, Ihe
outside air introduction mode in which Ihe oulsirfe mr is
introduced in Ihe both air passages is set.

Accnrding to further another aspect of the present
invention, the second air passage includes on the one end
side a second inside air suction port for sucking the inside
air, and thc air conditioner includes second suction port
opentng/closing means for selectively opening or closing Ihe.

outsirfe air suction port and the seconrf inside air sucuon
port.

In this way, when the second suction port opening closing
means npens the outside air suction port and closes the
second insirlc air suction port, if thc communication passage
is already closed, thc inside/outside air mode is srt to thr
two-layer moile. If Ihe communication passage is opened,
the inside/outside mr moile is set to Ihe outsufe air intro-
duction moile in which the outside air is introduced into Ihe
both air passages When the second suction pnrt opening/
closmg means has closed the outside air suctinn port and
opcncd thc second inside air suction port, rc ardicss of the
opening or closing of thr communication passu e, thc out-
sirfe air introduction mode in which the iniude mr is inlro-
duceil into the both air passages is sel.

According lo still another aspect of. the present invention,
the air cnnrlitioner includes maximum cooling state detect-
ing means for rletecting that lieth of said first heating amount
arljusting means and said second heating amount adjusting
means arc in thc maximum cooling state where each heating
amount is substantially minimized, and Ihe first inside air
suction port is formed more ailjacenl to a suclion portion of.

the air blower in the lirst air passage than the secoml inside
air suction port. When the maximum cooling state detecting
means has detected the maximum cooling state, the first

miude air suction port is fully openerf anrf the communica-
tion passage is fully closed by the first suction port opening/
closing means

lfy the way, when the first and second heatin amount
arljustin nicans are in thc maximum cooled states, thc
inside air circulation mode is normally sct, in which thc
second suction port opening/closing means closes the out-
side air sucuon port and opens Ihe seconil inside air sucuon
port liowever, in the present invention, at this time, the

i o inside air from the suction port of the first and second inside
air suction ports ivhich is nearer to the suction portion of the
air blower in thc first air passage is introrluccd into thc first
air passage. As a result, it is possilile to rcrlucc thc air flow
resistance, thereby oblaimng a larger amount oi. air.

Accorihng to still another aspect of the present invenuon,
ivhen the state of said maximum heatin state rletecting
means has changed from the state in ivhich the maximum
heating state is detected to the state in ivhich the maximum
heatin state is not dctccted, after thc position of thc first

ao suction port opcningiclosing means has changcrl from a
position in which the first insiile air suction port is fully
opened aml the communication passage is fully closed to a

position in which said first inside air suction port is fully
closed and the communication passa e is fully opened, the

zs heating amounts of the first and second heated air amount
adjustin means are decrcascd.

In this way, during a time period in which the maximum
heaung slate detecung means detects the maximum heaun ~

slate, the lwo-layer mode is set, anrf further the lirst anrf
.io second heating amount adjustin means are in the maximum

heating states That is, the ivarm inside air is introduced into
the first air passage, and further the heatin of the air from
thc air blower by thc heating heat cxchan cr is maximized.

When thc interior of thc passcngcr compartment is
iS warmed up to a certain extent aml as a result lhe maximum

heahng slate detecting means has stopped detecnng lhe
maximum healmg slaie, if. Ihe air amount ratio adfusling
means and the first suction port openingiclosing means are
simultaneously moved, the cold outside air instead of the

so warm inside air may lic introduccrl into the tirst air passa c,
and in addition thc heating amounts in thc first anil second
heaung amount adtusting means are decreased, thereby
decreasing Ihe temperature of the air blown out from the foot
opening portion rapidly.

as In the present invention, both the first suctinn port
opening i:losing means and the air amount ratio adjusting
means arc not nioved simultaneously, but only thc first
suction port opening closing means is moved at first anil
Ihen lhe lirsl and second heating amount adjusung means are

so moved. Therefore, il is possible lo prevent Ihe occurrence of
Ihe above-mentioned problems.

According to further another aspect of the present
invention, ivhen the state of the maximum heating state
dctectin means has changerl from the state in which thc
maximum heating state is dctcctcd to thc state in which thc
maximum hearn ~ slate is not detected, aller the heaung
amounts of the first aml secoml heated air amount adfusun ~

means has decreased, the posinon of. the lirst sucnon port
opening i:losing means is changed from a positinn in which

ao the first inside air suction port is fully opened and the
communication passe e is fully closed to a position in which
thc first inside air suction port is fully closed anil thc
communicauon passage is fully opened. In this way, lhe
same elfecl as Ihat m lhe previous aspect can be obtained.

as According lo still another aspect of. the invention, the air
conditioner includes defroster mode instructinn means for
designating a defroster mode in which air is blown from the



de/roster opening portion towarrl the inner face of Ihe.

wmdshield. When the defroster mnde has been instructed by
the defroster mode designating means, the first suction port
opening/closing means is set at a position in such a manner
as to fully close thc first inside air suction port and to fufly
open thc communication passage irrespective of a detection
result of Ihe maximum heating state detecting means.

In this way, when the outside air introduction mode is set,
the nutside air is introduced into the both air passages, and
therefnre it is possilile to enhance the frost prevention
performance of the windshield.
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Arith(tonal obtecLs aml advantages of. Ihe present inven-
tion will be mnre readily apparent from the fofloiving
detailed descnption of preferred embodiments thereof ivhen
taken together with the accompanying drawings in which:

FIG. 1 is a view illustrating an entire construction of a
ventilation system according to a first embodiment of thc
prcscnt invention,

FIG. 2 is a view taken along the line H—II of. FIG. 1,

FIG. 3 is a view taken along the line HI—III of FIG. I,
FIG. 4 is a schemauc perspective illustration viewed from

the three(ion indicaterl by Ihe arrow B of. FIG. 1,
I'l(i 5 is a block diagram illustrating a control system of

the brat embodiment of the present invention;
I'l(i 6 is a flow chart illustrating a cnntrol process

cxccutcd by a microcomputer according to thc first embodi-
ment;

FIG. 7 is a liow chart illustratin a process of step 170 in
FIG. 6,

FIG. 8 is a view for explaining an inside/outside mr mode.
according Io Ihe tirst embothment,

I'IG. 9 is a flow chart illustrating a proce~~ of step 170
according tn a secnnd embodiment of the present invention;

I'IG. 10 is a tloiv chart illustrating a contrnl process
cxccutcd by thc microcomputer accordin to a third embodi-
ment of thc prcscnt invention;

FIG. 11 is a liow chart illustrating thc processing of step
2170 in FIG. 10,

FIG. 12 is a correlation graph illustrating a correlation
bctwccn thc dccrcasc in thc temperature of thc outside air
anil Ihe upper,'lower temperature dilTerence accorthng ui Ihe.

thirrl embodiment;
FIG. 13 is a correlation raph illustratin thc correlation

between Ihe on,'olT operauons of a compressor and Ihe
upper,'lower temperature ililTerence according to Ihe thirrl
embodiment;

FIG. 14 is a view illustraung an entire construction ol. a
ventilation svstem according to a fourth embodiment of. Ihe.

present invention;
FIG. 18 is a fiow chart illustrating a process of step 170

in FIG. 6 accorihng to the fourth embodiment,
FIG. 16 is a schemauc perspective illustration of. a

modt/icauon, vieweil /rom the direction inrlicated by Ihe.

arrnw 13 of I'IG I; and
FIG. 17 is a graph showing an expenmental results of. Ihe

relationship between Ihe outside air temperature aml Ihe
temperature difFerence, t'or explainilig the preselit invention

DETAILED DESCRIPTION OF THE
PRLil'L'RRL'D L'MBODIMLiNTS

A first embodiment ot'he present invention will noiv be
described ivith reference to I'l(iS I tn 8
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In the lira(embodiment, each air conditioning device of an

air conditioner unit for air conditioning a space in a pas-
senger compartment of a vehicle having a diesel engine is
controlled by an air conditioning controller unit 33
(hereinafter refcrrcrl to as "ECU"),

First, the construction of the air conditionn unit will bc
described with reference Lo FIG. 1. FIG. Z is a cross secuonal
view taken along line ll—II of FIG. 1, and FIG 3 is a cross
sectional view Ial en along line 111—111 of. FIG. 1.

The air conditioner unit I is mounted on the vehicle in
such a manner that the upper part of I IG. I corresponrls to
the front side of the vehicle (engine side); the lower part of
FIG. 1 corresponrls to the rear sirlc of thc vehicle (passenger
compartment side); and the rightwardilcftward rhrcction of
FIG. 1 corresponils to the width threcnon of the vehicle
Also, Lhe air condinoning unit 1 includes an air condiuonin ~

case 2 for forming an air passage for introducing the air
conditioned air into the passen er compartment

This air conditioning case 2 is made of resin material such
o as polypropylcne anti is constructed such that an inside

outside air blovvcr unit 3, cooler unit 4 and heater unit 5 arc
connected to onc another in this order. In FIG. I, thc broken
lines X aml Y in FIG. 1 represent these connectin ~ poruons.

The inside/outside air blower unit 3 sucks at least one, oras
both, of Lhe inside and outside airs into the air conrliuoning
case 2 and includes therein an air blower 6 for bloiving air
The inside,'outside air bloiver unit 3 and air blower 6 ivill be
dcscrilicd later with rcfcrcnce to FIG. 3.

Within the cooler unit 4, there is disposed a refrigerant
evaporator 7c for cooling air passing therethrough sn as to
entirely close the air passage in the air conditioning case 2.
This rcfri crant evaporator 7c constitutes a part of a rcfrig-
erauon cycle apparatus 7 mounteil on the vehicle. As dlus-
trateil in FIG. 1, the refngeration cycle apparatus 7 inclmles
a compressor 7n for compressing the refri erant by means of
the drivin force of the engine of the vehicle, a condenser 76
for condensing and liquefying the compressed refrigerant,
prcssure reducer 7d for rcrlucin prcssure of thc conrlcnsed

so and liquefied rcfrigcrant, a rccciver 7e for storing the liquid
refngerant therein, and the above-mentionerl refngerant
evaporator 7c.

Also, in thc refrigeration cycle apparatus 7, by supplying
an elecinc current with an electromagnetic clutch 7/ as
intermiLtmg means for mtermitting an operation ol. Lhe

compressor 7n, the driving force of the en ine is transmitted
to the compressor 7a throu h this electromagnetic clutch 7f,
the refrigerant is compressed by the compressor 7a, and this
rcfri erant is supplierl to thc refrigerant evaporator 7c (this

so state is hcrcinaftcr rcfcrrcd to as "thc on-state of the
compressor").

When thc supply of thc clcctric current to thc clectro-
magnctic clutch 7c is intcrmittcd, thc compressor 7a stops,
and Lhe supply of. the refrigerant to Ihe refrigerant evaporator
7c is stopped (Ihts state is hereinafter referrerl Lo as "the
off-state of the compressor 76'*). 'I'he supply of the electric
current to the electromagnetic clutch 7f is controlled by the
ECU 33 as dcscribcd later.

Within the heater unit 5 there is provided a heater core 8
so for heating the cool air having passed through the refrigerant

evaporator 7c. As iflustratcrl in FIG. 2 which is a sectional
view taken along thc linc II 11 of FIG. I, thc heater core 8
is a heat exchanger which is so provided in Lhe air comh-
tioning case Z as Lo fiirm a b)pass passage 9 in which cool

as air fiows, for bypassing Ihe heater core 8. In Ihe heater core
8, cooling ivater for coolin the engine tloivs anil heats the
cool air by using the cooling water as a heat source



On Ihe upstream a&r s&de of the heater core 8, a ro&ary shafi
10 is rotatably provided within the air conditioning case 2
I'o this rotary shaft 10, there are integrally connected plate-
like air mix doors lla and lib so that the plate surfaces
thcrcof may bc coplanar with each other. ALso, to thc rotary
shaft 10, thcrc is connected a srrvn mntor 40 (sce FIG. 5).
The air m&x rloor lla &s disposed in the lirst a&r passage 13
described later, and Ihe a&r mix door lib is d&sposed in Ihe
second air passage 14 described later.

Iiy rotatmg the rotary shaft 10 with the servo motor 40,
the air mix door lla is rotated between a solid line position
and a chain linc position of FIG. 2. That is, thc air mix door
lla ad/usts a ratio between thc an&ount of thc cool air
passing through thc heater core 8 and thc an&ount of the cool
air pass&ng through Ihe bypass passage 9a accord&ng to s&op

posittons &hereof as illustrated in FIG. 2, thereby adius&ing
the temperature of the air blown out into the passenger
compartment.

The a&r mix donr lib adjusts a ratin bet&veen the amount
of thc cool air passin through the heater core 8 and thr
amount of thc cool air passing thrnugh the bypass passage 9b
accordtng to stop posnions thereof as illustrated &n FIG. 3,
thereby adlust&ng Ihe temperature of Ihe a&r blown out &nio

the passenger compartment.
The cooler un&t 4 anil healer unit 5 are connected Lo each

other by connecting means such as claw engagement or
screw member. As illustrated in FIG 1, within the conier
unit 4 and heater unit 5, a first air passage 13 and a second
air passage 14 are formed by partitioning thereof by a
partitionin wall 12 cxtcnding substantially in thr vertical
direction Thc refrigerant evaporator 7c, thc heater core 8
and the rotary shaft 10 are d&sposed &n such a manner as io
exteml over both of the Iirst air passage 13 aml second air
passage 14

The bypass passage 9 inclurles two passages 9a and 9()

formml in the first a&r passage 13 and seconrl a&r passage 14,
respectively, as illustrated in FIG I, by means of the
partitioning wali 12

At the most rlownstream end of the a&r conrliuon&ng case
2, there are formed a foot npening portion 15, a defroster
opening portion 16 and a face opening portion 17.

To the foot npening portion 15, there is connected a foot
duct (not illustrated), and the conditioned air introduced into
the fnot duct &s blown nut from a fnot air outlet located at the
downstream cnd of thc foot duct toward the foot nf thr
passcngcr within the passen er compartment.

To the defroster opening portion 16, there is connected a
dcfrostcr duct (not illustrated), and the conditioned air
introduced into the dcfrostcr duct is blown out from a
delroster air outlet located at Ihe downstream end of. Ihe.

delroster duct toward the inner surface of. the fron& v:iml-
sh&eld nf the vehicle.

To the face opening port&on 17, there are connec&ed a
center face duct and xi&le lace duct (not illus&ra&erl). The
conditioned a&r introduced into the center face duct of these
ducts is blown out from a center face air outlet lncated at the
downstream end of thc center face duct tnward thc upper
half of thc body of thc passenger within thc passenger
compartment while, on the other hand, thr air conditioned
air introduced into the sale face duct &s blov:n out from a s&de.

face air outlet located at the dov;nstream end of. the side face.
duct toward the side windshield of the vehicle.

On the upstream side pos&&iona of the open&ng pomona 15
to 17, there are provided a foot door 18, a defroster door 19,
and a face rloor 20, respectively I'he font door 18 opens or
closes an air intlo&v passage leading to the foot duct, the
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defros&er door 19 opens or closes an a&r &nllow passage
leading to the defroster duct, and the face door 20 opens or
closes an air infioiv passa e leading to the center face duct

These doors 18 Lo ZU are connec&ed to one another by
means of a link mechanism (not illustrated), and th&s link
mechanism is driven by a servo motor 41 (see l)IG. 5) 'I'hat

is, by operatin thc link n&cchanism with the servo motor 41,
the rcspcctivc doors 18 to 20 are moved so that rcspcctivc air
outlet modes as described later may bc obtained.

An air inflow passage leading to thc side face duct is not
openerl or closed by thc respective doors 18 to 20 In thc
vicin&ty of. Ihe s&de face mr outlet, there is provided an a&r

outlet gnlle (not illus&rated) by wh&ch the passenger manu-
ally opens or closes the s&de face air ou&let, anil Lhe a&r tlow
passage leading to the side face duct is opened or closed hy
the air outlet grille.

The partitioning &vali 12 discontinues at a portion thereof
located on the upstream air side of the opening portions 15

to 17 and on the do&vnstream air side of the heater core 8 At
this rliscontinucd portion, thcrc is formed a communication
opening 21 which communicatcs between thc first air pas-
sage 13 aml the second a&r passage 14. The communicauon
opening Zl is opened or closed by the foot door 18.

Next, the inside&outsirlc air blower unit 3 and air blower
6 will be descnbed wi&h reference to FIG. 4. FIG. 4 &s a

perspechve &llustrai&on v&awed lrom Ihe direction inrlicaterl
by the arroiv 13 of 11G I

As illustrated &n FIG. 4, Lhe ins&de/ouLside air blower unn
3 includes an &ns&de&outs&de air case 3a &hat consututes Lhe

lo
most upstream air side of the air conditioning case 2 and the
air blower 6 accommodated in the inside&outside air case 3a

The mr blower 6 is ihspoved substannally at the center of
the interior of the inside,'outside air case 3a and includes a
tirst fan 6a, a second fan 6/), and a bio&ver motor 6c for
rotating thcsc fans 6a and 6b. Thc first fan 6a anil the second
fan 6b arc integrally formcrl and thc rliamctcr of thc second
fan 6/»s larger than that of the Iirst fan 6a.

Thcsc first and second fans 6a and 6b arc accommodated

so in scroll casing portions 22 anil 23, respectively, each of
which &s shaped like a bell mouth. The terminal eml pomona
(a&r outlet sides) of Ihe scroll casing portions 22 and 23 are
communicated with the first air passage 13 and second air
passage 14, respectively 'I'he scroll cas&ng port&ons 22 and
23 commonly use a partitionin portion 24.

On the other hand, in the inside&outside air case 3a, a first
inside air suction port 26 is fern&ed in correspondence with
a suction inlet 25 of the first fan 6a and a second inside air
suction port 28 and outside air suction port 29 arc formed in

so corrcspondencc with a suction inlet 27 of thc second fan 6b
In Ihe &ns&de outs&de air case 3a, there are provirlerl a iirst
suet&on port opening/clos&ng door 30 which opens or closes
the first inside air suction port 26 and a semnd suction port
opening blosing door 31 which opens or closes the second
inside air suction port 28 and outside air suction port 29
sclcctivcly.

The first inside air suction port 26 is formed more adjacent
to thc position of thc suction inlet 25 than thc second inside
air suction port 28. As dcscribcd later, thc position of thc first

at) suction port opening closing door 30 is controlled according
Io whether or not the a&r mix doors lla anil lib are located
a& a maximum ho& posi&ion (max&mum heanng pos&non) as
described later, and the position of the second suction port
opening blosing door 31 is mntrolled, as described later,

es according to thc inside,'outside air modes.
To the hrst suction port opening&closing door 30 and

second suction port opening&closin door 31, there are
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connecleri servo motors 42 and 43 (see FIG. 5), and Lhe.

respective doors 30 aml 31 are rotated between a solid line
position and a chain linc position in thc figure l&y means of
thcsc servo motors 42 and 43.

In Ihe inside)outside air case 3a, there is formeci a
communication passage 32 which communicates between
thc second inside air suction port 28 or outside air suction
port 29 and thc suction inlet 25. When fuliy opening thc first
inside air suction port 26 (the solid line position of I)IG 4),
the first suction port opening/closing door 30 fully clnses the
communication passage 32. When fully closing the lirst
inside air suction port 26 (the chain hne position of. FIG. 4),
thc first suction port opening/closing door 30 fully closes thc
communication passage 32.

Next, a construction of a control system according Lo Ibis
cmbodimcnt will bc described with reference to FIG. 6.

To the E(:U 33 for controlling each air conditinning
device of Ihe air conriitioner unit I there are input the signals
from respective switches (e.g., a temperature setting switch
used for seumg the temperature in the passenger
compartment) on an operation panel 34 provided on the
front surface within the passenger cnmpartment.

To the ECU 33 there are input Ihe signals from an inside.
air temperature sensor 35 fnr detecting the temperature in
the passenger compartment (the air temperature in the
passcngcr compartment, hereinafter referred to as cthe
inside air temperature'), an outside air temperature sensor
36 for tlctccting thc temperature outside thc passcngcr
compartment (Ihe air temperature outside Ihe passenger
compartment, hereinafter reierred lo as "outs)tie air
temperature**), a sunlight amount sensor 37 for detecting an
amount of sunlight entering the passenger compartment, a
water tcmpcraturc sensor 38 for detecting thc tcnipcraturc of
thc cn inc cooling water fiowin into thc hcatcr core 8, and
a post-evaporator sensor 39 for detecting the cooicd dcgrce
of air in the reingerant evaporator 7c (speciiically, Ihe.

temperature of the air immediately aller passing through Ihe.

evaporator) I'urther, tn the E()U, an air cnnditioning sivitch
50 manually operated by the passenger, for sivitching the
compressor 7a "on'r aoff's connected as an input
terminal. In this embodiment, thc post-evaporator sensor 38
is installed within thc first air passage 13.

Within thc ECU 33, there is provided a well known
microcomputer including a CPU, ROM, RAM, and thc like
(not illustrated). After having been A/D converted by an

input circuit (not illustrated) within Ihe ECU 33, Ihe signals
from Ihe respective sensors 35 lo 39 are input Lo Ihe.

microcomputer When an ignition sivitch (not illustrated) of
the engine of the vehicle has been turned "on'*, an electric
power is supplictl to thc ECU 33 from a battery (not
illustratctl).

Next, the control prncess executed by the microcomputer
accordin to this embodiment will bc dcscribcd vvith refer-
cncc to FIG. 5.

I'irst, when the ignition switch has been turned "on** and
an clcctric power is supplied to the ECU 33, a routine of
FIG. 5 is started, in step 100 respective initiafization and
initial settings are performed aml then in slap 11U Ihe
microcomputer inputs the sel temperature set by Lhe tem-
perature setting device.

In the next step 120, Ihe microcomputer reads in Ihe.

signals which have been obtained by the AD conversion of
the values ot'he respective sensors 35 to 39.

In the next slap 13U, a target air temperature (TAO) of. Ihe
air blown oul into Ihe passenger comparlmenl is calculaleci
according to the folloiving equatinn (I) pre-stored in the
ROM
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TAO=Kaci Tcci-Kr Tr-KaawTaewKa Tc+C

wherem Tact represents Lhe sel temperature set by Lhe
temperature setting device, Tr represents the detectetl
value of the inside air tcmperaturc sensor 35, Tam
rcprcsents thc detcctctl value of thc outside air tem-
perature sensor 36 and 'Ik represents Ihe detected value
of the sunli ht amount 37 Kset, Kr, Kam and Ks
represent gains, and C represents a correction constant

Next, in slap 140, Lhe blower voltage correspomhng to Lhe

TAO (thc voltage applictl to the blower motor 6c) is calcu-
lated from a niap (not illustrated) prc-storcrl in the ROM.

In the next step 150, the air outlet mode corresponding to
the 'I'AO is detemiined from a map (not illustrated) pre-
slored in Lhe ROM. Herein, Ihe air outlet mode may be sel
lo the face mode, the bi-level mode, the fool mode, and the
foot clef mode in this order, when thc TAO is changed from
the lovvcr value to thc higher value.

In the face mode, the foot door 18, the defroster door 19
and the face door 20 are set at the chain line position, the

o solid hne position, and the chain line position of FIG. I,
respectively, so that the condinoned air is blown oul toward
Ihe upper half. of the body m Ihe passenger compartment. In
the bi-level mode, each of the foot door 18 and defroster
door 19 is set at the solid line position and the face tloor 20

zs is sct at the chain linc position, so that thc air contlitioned air
is blown out tovvard thc upper body half and foot of the
passen er.

In the foot mode, the lace door 20 is set at the solid line
position anil Ihe defroster door 19 is sel al the posiuon while
keeping the defroster opening portion 16 slightly open, so
that approximately 80% of the conditioned air is blown out
toward thc feet of the passenger and approximately 20%
thcrcof is blown out toward the inner surface of the winrl-
shieltl.

In the foot/def mode, the fool door 18, Lhe defroster door
19 aml Ihe face door 20 are set at the solid line posiuon, Lhe

chain line position and the solid line position, respectively,
so that the conditioned air is bloivn out toward both the feet
of thc passen cr anti the inner surface of the windshield with

so the same amount.
In this embodiment, when operating a defroster sv itch

(not illustraleil) provided on the operauon pane134, each of
Ihe fool door 18 and del roster door 19 is set at the chain line
position and the face door 20 is set at the sohd line position
so that the conditioned air is bloivn out toward the inner
surt'ace of the vvindshicld glass.

In any onc of the air outlet modes, thc side face air outlet
is open or closed by thc air outlet rillc.

In step 160, the Larger opening degree (SW') of the air mix
so door 11 is calculated accoriling lo the iollowing equauon (2)

pre-stored in the ROM Since the air mix doors lla and Ilb
are integrally rotated, these are hereinafter simply called as
the air mix door ll in this embodiment.

Sw=fil TAO—Tea'(Tcv-Te)) LOO('I ) ( I

W'hen the target opening degree is calculated as SW«0
(%), lhe air mix door 11 is conlrolleil to Ihe posiuon in which
all Lhe cool air from the relrigeranl evaporator 7c passes
through the bypass passage 9a and 96. Also, ivhen the target
opening degree is calculated as SW~ I(kl (%), the air mix
door 11 is controlled to thc position in which all thc cool air
passes through thc hcatcr core 8. When the target opening
de ree is calculated as 0 (%)«SW&100 (%), the air mix door
11 is controlled Lo the position in which the cool air passes

es Ihrough both of Lhe heater ex)re 8 aml the bypass passage 9.
When it proceeds to the next step 170, a subroutine

illustrated in 1Ri 7 is called, and the positinns of the first
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suction port opening/closing door 3U and second sucuon
opening/closing dnor 31 are determined.

Specificall, m step 1000 nf I'IG 7, the inside outside air
mode is determined from the map nf FIG 0 pre-stored in the
ROM

In thc next step 1100, it is dctcrmincd whether thc
inside)outside air mode that has been determined in the step
f000 is lhe outside air introduction mode. Here, when
determinatinn is "NO'*, i.e, when the inside air circulation
mode is determined, it jumps to step 1600 in ivhich the
position of the first suction port opening/closing door 30 is
dctcrmincrl as thc solid linc position of FIG. 3 and the
position of thc second suction port opening)closin door 31
is determined as lhe chain line position of FIG. 4. That is, at
this time, lhe moile in which the inside air is introduced into
each of the first air passage 13 and secnnd air passage 14 is
set 'I'hen, the process exits from this subroutine

When m step HUU determination is *'YES**, it is deter-
mined in thc next step 1200 whether or not thc air outlet
mode that has bccn dctcrmincd in step 150 of FIG. 6 is thc
foot motte (FOOT) or footidef. mode (F/D). That is, il is
determined whether or nol this air outlet mode is lhe mode
in which both the heating nf the passenger compartment and
the frnst prevention of the windshield are performed When
in this step 1200 the determination is '*NO**, it jumps to step
1500 in which thc position of thc first suction port opening/
closing door 30 is dctcrmincd as thc chain linc position of
FIG. 4 and the secoml suction port opening/closing door 31
is ilelermineil as the solid line posiuon. That is, at ihis time,
the mode in ivhich the outside air is introduced into each of
the lieth air passages 13 and 14 is set I'hen, the prncess exits
from this subrnutine

On thc other hand, when in step 1200 determination is
"YES", it is dote rmincd this time in step 1300 whether or not
the target opemng )legree SW of the air mix door 11 which
has been calculated in slap 16U of FIG. 6 is 100 (r!o) or more.
That is, il is ilelermined whether or not the air mix door 11
is cnntroiled tn the pnsition (the solid line position of I)IGS
2 and 3) (hereinafter referred tn as "the maximum hot
position') in which all thc cool air front the refrigerant
evaporator 7c passes through the heater core g.

Here, when in step 13UU )le(arm)nation is "NO", it means
that the heating capacity is in excess over the target tem-
perature. Then, it proceeds lo the step 15UU, aml the mode in
which the outside air is introduced into the both air passages
13 and 14 is set (:onversely, when determination is "YES*,
it means that thc hcatin capacity is insuihcient for the target
tcmpcraturc. Then, it proceeds to step 1400, and the posi-
tions of the lirst suction port opening/closing door 30 anil
seconri suction port opening/closing door 31 are respecuvely
determined as the solid line positions of FIG. 3. That is, it is
determined that the two-layer mode in which the inside air
is intrnduced into the first air passage 13 and the nutside air
ts introduccrl into thc second air passage 14 arc sct. Then, the
process exits from this subroutine.

When a senes of slaps in FIG. 7 are lerminaled as
menuoneri above, it proceeris to the step 10U in HG. 6, and
control signals are output to lhe motor 6c and 4U lo 43 so
as to nlitain the modes which have been calculated or
determined in the above-mentinned steps 140 to 170

In thc next step 190, after thc control cycle time period 96
has clapscd, it goes back to step 110.

In this emboihment, when lhe inside/outside air mode has
been controlled lo the mode which has been delerminerl in
step ISUU or 1600 of. FIG. 7, lhe upper/lower temperature
difference is tuned so as to be a comfortable temperature
difference for the passenger
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As descmbeil above, acrx)rding to this embodiment, when

in step 1200 of FIG. 7 the delermmahon is "YES*', i.e., even
when thc inside)outside air mode necrls to be thc two-layer
mode, thc inside)outside air mode is sct to the two-layer
mode only ivhen in the next step 1300 the air mix rlnor H
is set to the maximum hot position, i e., when it has been
determined that the heatmg capacity is insullicient for the
target lemperalure.

Herc, in a case where the air mix rloor ll has bccn

io controlled to thc maximum hot position, as in the case of A
in FI(i 17 the degree of variation in the upper)lower
temperature difference due to the change in the outside air
temperature is low aml therefore the degree lor iving an
uncomfortable feeling lo the passenger is low even when lhe
inside,)outside air morlc is set to thc two-layer mode" Accordin ly, at this time, by setting the two-layer morlc, it
is possible to improve the heating performance for the
passenger compartment as ivell as the frost prevention
performance of. the windshielil.

On lhe other hanil, when in step 130U it hss been
ao determined that thc air mix door ll shoulrl not bc set to thc

maximum hot position, i.e., thc heating capacity is in cxccss
over the target temperature, if the two-layer mode is set, a
proiilem in the same manner tis in the case of 13 in I I(i. 17
may be caused. Therefore, at thai time, the two-layer mode
is not set, aml the mode in which lhe outside air is introduced
into thc both air passages 13 and 14 is sct. In this ivay, it is
possible to prcvcnt thc variation in thc uppcrilowcr tem-
perature difference due to the change in the outside air
temperature, thereby eliminatin the uncomfortable feeling
given lo the passenger.

) ) In this embodiment, when il has been determined in step
1100 of HG. 7 that thc inside)outside air mode is the insirlc
air circulation mode, thc first suction port opening/closing
door 30 is set to the solid line position of l)I(k 4 to introduce
thc insirlc air into thc first air passage 13. Even when this

-" door 30 is set to thc chain linc position of FIG. 4, the insirlc
air is mtrodu cad mto lhe first air passage 13, however, in this
embodiment, since the inside air is introduced from the iirsl
insiile air suction port 26 located more adtacent to lhe
suction inlet 25 of the hrst fan 6a than the second inside air
suction port 20 ivhich is more apart from the suction mlet 25,
it is possible to rcducc thc air flow resistance, thereby
obtaining a larger aniount of air.

In this embodiment, since lhe lirsl inside air suction port
26 and the commun)canon passage 32 are selectively opened
or closed by the sin le lira( suchon port opening/closin ~

door 30, the number of the parts can be reduced as compared
ivith a case where the door for openin and closing the first
inside air suction port 26 and the door for opcnin anil
closin thc communication passage 32 are rcspcctivcly
prov)deil.

Next, a seix)nd embodiment of the present invenhon will
be described.

This second embodiment ditTers from the above-
mentioned first embodiment only in the process executed in

-'-'tep 170 of FIG. 6. Thc process will now bc dcscribcd
When it procccds to step 170 of FIG. 6, a subroutine

illustrated in FIG. 9 is called, anil the same process in steps
100U and 1100 of FIG. 7 are executed. When in step 1HIU the
determination is "YES", il proceeils to step 1110, and the
temperature difference i'I'ebveen the inside air tempera-
ture and the outside air temperature is calculated according
to thc folloivin equation (3) prc-stored in thc ROM.

at'=7)—X w(''
as wherein Tr represents lhe detected value of the inside air

temperature sensor 35 and Tam represents the detected value
of the outside air temperature sensor 36.
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In Ihe next step 112U, it is determined whether Ihe.

temperature dilference AT is smaller than a prerfeierminerf
tcmpcrature TO(in this cmbodimcnt, 15'.). Here, when the
dctcrmination is "YES', the interior of thc passen cr com-
partment has not yet lieen warmed up sufliciently I'herefore,
when the passenger has gotten on the vehicle, the front
winilshielil may be frosted, aml it proceeds to step L500. As
a result, since the amount of. ventilation increases as com-
pared with thc case where the two-layer mode is set, thc
cffcct of thc frost prevention of thc windshield is incrcascd.

When in step H20 the determination is "NO**, the front
glass is harrlly frosted, it proceeds to the next step 1130, and
if is rleterminerf whether the water temperature Tw which has
been detected by Ihe water temperature sensor 30 is lower
than thc target air temperature TAO. Herc, when thc deter-
mination is "YES", thc heating for thc passenger compart-
ment cannot be performed to such an extent as not to give
a feehng of encl air tn the passenger Accordingly, at this
time, it proceeds lo step 14UU. As a result, since ihe warm
inside air is introducerf into Ihe lirst mr passage 13, il is
possible to improve the heating capacity for the passcngcr
compartment as compared v:ith the case where it proceeds io
step f500

The determinations in steps 1120 and 1130 are performed
by a well known method to which the hysteresis is provided

In the above-described second embodiment, when the
water tcmpcrature Tw of thc water flowing through the
hcatcr core 7 is lower than thc target air temperature TAO,
i e., when the air of the temperature represented by ihe TAO
cannot be blown out into the passenger compartment aml a
feeling nf cool air may be given to the passenger, by setting
to the two-layer mode, the heating capacity for the passenger
compartment is improved, thereby preventing the above
problem.

When thc water temperature Tw is higher than thc target
blowout temperature TAO, Ihe two-layer mode is not always
nestled lo improve Ihe heating capacity. In this embodiment,
at Ibis time, the morfe in which the outsule air from Ihe
outside air suction port 29 is introduced into each of the first
and second air passages 13 and 14 is set Accordingly, it is
possible to prcvcnt thc occurrence of variation in thc upper/
lower tcmpcraturc diffl:rcncc due to thc change in the
temperature of Ihe outside air aml lo eliminate ihe uncom-
fortable feeling given to Ihe passenger.

When if has been determined that Ihe insirfe,'outside, air
temperature difference 6'I's smaller than the predetermined
temperature TO and the front windshield may be frnsted,
cvcn if thc water temperature Tw is lower than thc target air
tcmpcraturc TAO, thc inside outside air mode is sct to thc
mode in which the outiude air from Ihe outside air suction
port 29 is introiluced into each of the lirst aml seconrf air
passages 13 anil 14. Therefore, since the amount of. venti-
lation increases as cnmpared with the case where the tivo-
layer mode is set, the effect of the frost prevention nf the
wintlshicltl can bc incrcascd.

Next, a third embodiment of thc present invention will be
descnbeil.

In this thirrf embodiment, the air mix doors llu and 1Hi
are respectively inrfepemlently controlled as compared with
the above-mentioned embodiments, and the main feature is
characterized in the contents nf the control of the air mix
doors lln and lib. In this embodiment, thc ECU 33 controls
thc air conditioner unit, as iilustrated in FIGS. 10 and 11.

Stnce the process from slap 21UU lo step 2150 in FIG. IU
are the same as the process from step 10U to step 150 in FIG.
6, Ihe step 2190 is the same as the step 100 in FIG. 6 aml the
step 2200 is the same as the step 190 in FIG 6, descriptions
therenf are nmitted.

In step 216U, it is deiermineil whether or noi the com-
pressor 7n is turneil "on'* to supply the refiugerant with ihe
evaporator 7c. Thc oniofl'operation of thc compressor 7a is
determined front a characteristic tliagram iliustratctl in step
S2160 That is, when the detected temperature 'lb of the
post-evaporator sensor 39 is lower than 3'., the compres-
sor 7o is turned "ofl.", on the other hami, when the detected
temperature Te is higher than 4'., the compressor 7u is
turnctl "on". Thc set value of 3' is sct so that thc
rcfri erant evaporator 7c is prcventcd from licing frosted

IO
and the cooling capacity thereof is prevented from being
decreased 'I'he on,ioff operation of the compressor 7u is not
performed while the air comliuoning switch 50 is "otl"'nce

the air condiuoning switch 50 is turneil "off', ihe
compressor 7n will not be turncrl "on" as long as the air" conditioning sivitch 50 is not turned "on".

Next, in step 2170, the target openin degrees SWI and
SWZ of the air mix doors llu and I lb are calculated, this
step Z170 will be deecnbed in iletail with reference to FIG.
11.

ao First, in step 2171, thc temporary target opcnin dcgrccs
SW of the air mix doors llo and lib are calculatetl accord-
in ~ to Ihe equation (2) pre-stored in the ROM. In this case,
each od the temporary target opening de rees of the air mix
doors llu and lib is represented by SW.

as Next, in step 2172, it is determined whether or not the air
outlet mode ivhich has bccn rlctcrmincd in thc step 2150 is
the foot mode (FOOT) or foot clef motlc (F'D)

W'hen in step 2172 the determination is "YES'*, i.e., when
it is determined that the mr outlet mode is the foot mode or
foot idef mode, it proceeds to step 2173, it is determined that
the positions of the doors 30 and 31 are set at the solid hne
positions in ll(i 3, respectively, in order to set the mside/
outside air mode to thc two-layer mode.

On thc other hand, when in step 2172 the dctcrmination
is is "NO", i.e., when it is deiermmetl that the air outlet mode

is Ihe face mode or bi-level moile, it proceeds to step 2174,
and Ihe target opening degrees SW'1 anil SW'2 are linally
determined to be the target opening degrees SW which have
been calculated in step 2171. 'I'hen, it proceeds to step 2175,

so and thc inside ioutsidc air morlc is dctnmincrl from thc TAO
calculated in step S2130 anil the relation diagram illustrated
m FIG. 7. It proceeils to step 219U, and control signals are
output so as to obimn the control target values which have
been determined m ihe above-menuoned respective steps.

as In the next steps 2176 and 2177, it is determinerl whether
or not, when the air mix doors llu and lib have the same
opening dcgrces, the above-nicntioncd upper lower tcm-
peraturc diflcrencc licconics large to such an extent as to
give an uncomfortable feeling to ihe passenger. Baseil on ihe

so results of. this deiermmauon, the opening degree of each of
Ihe air mix doors llu anil 11/i is controlled.

The control process executed in step 2176 and the fol-
lowing steps ivill be described in detail

First, in step 2176, it is detcrmincd whcthcr or not thc
outside air tcmperaturc Tam is loivcr than thc insitlc air
temperature Tr by a predeiermmed value T or more

W'hen in step 2176 the determination is "YES'*, i.e., when
it ts determined that the outside air temperature Tam is lower
than the inside air temperature 'I'r by the predetermined
value 'I'or more, it proceeds to step 2177 Also, when in step
2176 thc dctcrmination is "NO", i.c., when thcrc is no great
diffcrcnce bctivccn the outsitlc air tcmpcraturc Tam and thc
insiile air temperature Tr, il proceeds to step ZIOZ, and each
ol: ihe SWI and SWZ is sel to be the temporary target

ss opening degree which has been calculated in step 2171.
In this way, the air mix doors llu and lib have the same

opening degrees. Since the outside air temperature 'I'am is
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lower than Ihe inside mr temperature Tr, the temperature, of
the conchiionecf air thai is blown from the defroster opening
portion 16 becomes lower than the temperature of the
conditioned air that is blown from the fnnt opening portion
15 However, in this case, since the diA'erence betiveen the
inside air temperature Tr and the outside air temperature
Tam is not so large, the upper,'lower temperature dilTerence
is relatively small.

Thc inventors have examined the correlation with thc
tcmpcraturc differences (upper lower temperature
differences) betiveen the air cnnditioned airs bloivn frnm the
defroster opening portion 16 and font opening pnrtion 15
anil varies according to the clecrease in the outside air
temperature Tam when the air mix doors 11a aml Ilb have
thc same opening clcgrccs. The results of the examination are
shown in FIG. 12. Thc experimental conditions werc such
that the insicle air temperature was 2S'., the cnmpressor 7a
was "oA'*, and the npening degrees of the air mix doors lla
and Ilh were in a range of. the air mix (AIM) where ihe cool
air and warm air were mixed with each other.

As can bc understood therefrom, in thc graph nf FIG. 11,
there exists a great dilTerence between the nghi side clara in
whtch the chlTerence between Ihe ou tsicfe air temperature ancf
the inside air temperature is small (i.e, the upper locver
temperature difference is 8 8'I ) and the left side data in
which the diA'erence lietween the nutside air temperature and
thc inside air temperature is large (i.c., the upperrlower
tcmpcraturc difforcnce is 19.8'.).

That is, in the foot mode or foot,'def mode, on ihe.

comhtion that the inside air temperature is sei Io a lixed
value of 2S', when the nutside air temperature is lowered,
for example while the vehicle is traveling in a tunnel or the
like, the temperature diA'erence lietween the inside air and
outside air introduced into thc first air passage 13 and second
air passage 14 becomes larger.

If: the opening clegree of: the air mix door lfb for acftusting
the temperature of the conchiionecf air within Ihe second air
passage 14 remains unchanged, the temperature dilTerence
between the temperature of the conditioned air bloivn out
from the defrnster opening portion 16 and the temperature of
thc conclitioncd air blown out from the font opening portion
bccomcs larger (thc temperature of the conditinned air
blown out from the defroster air outlet is lowered), and an
uncomfortable feeling is given to the passenger.

That is, Ihe above-mentioned predetermined temperature.
I's set in such a manner that the upper loiver temperature
difference does not give an uncnmfortable feeling to the
passcngcr cvcn when thc air mix doors Ila and llh have thc
same opening dc revs.

Next, in step 2177, ii ts determined whether or not Ihe
compressor 7a is "on". In this step 2177, it is cfeierminecf
whether or noi the air conditioning switch 50 is "olT".

When in step 2177 the determinatinn is "NO'*, i.e, when
it is determined that the compressor 7a is "nff'*, it proceeds
to step 2178, and thc target opening degree SW2 nf thc air
mix door lfb is calculated.

In this embochment, the opening degree of the air mix
door Ilh is corrected so as Io recfuce the upper,'lower
temperature dilTerence, however, the opening degree of. Ihe.

air mix donr lib is corrected when it has been determined
in step 2177 that the compressor 7a is '*off'*.

That is, thc problem that thc upperlower temperature
dificrcncc bccomcs cxccssivciy large and an uncomfortable
feeling is given Io Ihe passenger is likely Io occur when Ihe
temperature dilTerence between the inside air and outside air
thai introcluced into Ihe lirst air passage 13 and second air
passage 14 is large, hoivever, does nnt essentially occur so
often when the temperature difference is small

In Ibis embodiment, when the compressor 7a is "ofl", the
opening degree of the air mix dnnr lib is corrected In the
eiqierimental data in I'IG 13, ivhich have been examined by
the inventors, when the compressor 7a is "on*', the chA'erence
between thc tcmpcrature of thc inside air in thc first air
passage 13 after being air-mixccl ancl the tempcraturc of thc
outside air in the second air paswge 14 after bein air-mixed
becomes smaller.

That is, when the air conditinning switch 50 is turned
"off** fiy the passenger, the cnmpressnr 7a remains "off*'s
long as the air cnnditioning switch 50 is nnt turnecl "on*'gain.

Accordingly, when thc outside air is at 8'. and the
inside air is at 2S'. for cxamplc, if the compressor 7a is
"on', since ihe refngerani evaporator 7c has the refngerant
supplied thereto and as a result the temperature becomes
approximately 3 to 4', the outside air is moled and
becomes loiver than 5''n the nther hand, the inside air
is sufficiently cooled by the refrigerant evaporator 7c doivn
to, for example, 10'. In this way, when thc compressor 7a

co is "on", thc tcmpcrature diffcrcnce bctwcen the tcmpcraturcs
of: the inside and outside airs becomes smaller by ihe
refngerani evaporaior 7c.

On the nther hand, when the compressor 7a is *'nff'*, since
iio refrigerant is supplied to the refrigerant evapnratnr 7c, the

zs cooling capacity therenf is small Cnnsidering that the
coolin capacity is zero, thc dificrcnce in tcmpcrature
bctwcen the inside air and thc outside air docs not almost
vary even when these airs have passed through the refrig-
erant evaporator 7c, as comparecf with ihe case where the

.io cnmpressor 7a is "on*'uch

an operatinn remarkably occurs particularly when
the compressor 7a is turned "ofi'* ivith the air conditioning
switch 50 operated by thc passen cr and thc time pcriocl
durin vvhich thc "ofi * is continued is very large and thc air

is conclitiomng switch 50 is turned "on*'gain.
Accordingly, in Ibis embodiment, the opemng degrees of

Ihe air mix doors Ila anil Ilb are corrected in steps 2178 and
2179 ivhen the compressnr 7a is '*nif*''irst,

in step 2178, the amount of cnrrection ASW2 is
so dctermincd to correct the temporary target opcnin degree of

the air mix door Ilb which has been calculatccl in step 2171
Specdic ally, the opening degree correction amount ASW2

for correcnng Ihe opening degree of Ihe air mix door Ifb is
set so as to become larger in acmirdance with the decrease

cs in the outside air temperature Tam
That is, the loiver the outside air temperature Tam

becomes, thc lovvcr thh tcmpcrature of thc conditioned air is
blovvn out from thc defroster opcnin portion 16 bccomcs,
and as a result, the larger the upper,lower temperature

so difference becomes. Therefore, in order io reduce the upper,'ower

temperature chlTerence, the correcnon amount ASWZ
is set sn as to become larger in accnrdance with the decrease
in the outside air temperature Tam

Next, in step 2179, thc correction amount ESW2T is
dctermincd to correct thc opening dcycc of the air mix cloor
lfb. Thai is, in ibis embodiment, the post-evaporator sensor
39 is installed within the lira( air passage 13. In ibis way, the
temporary target opemng degree SW on ihe lirst air passage
13 side, which is calculated accnrding to the equation (2),
becomes an opening degree in compliance ivith the actual
passen cr's feeling of warmth in thc air conditioned envi-
ronment.

However, since in ibis embodiment Ihe post-evaporator
sensor is noi provided on the semind air passage 14 side, ihe

as SW vahie on ihe second air passage 14 side becomes far
away from an opening degree in mmpliance with the actual
passenger*s feeling of warmth Since the inside air is intro-
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ducecl into Ihe Iirst air passage 13 ancf Ihe outside air is
introduced into the secnndl air passage 14, if a post-
evaporator sensor is dispnsed in the secnnd air passage 14,
the detected value therenf becomes much smaller than the
dctcctcd value of thc post-evaporatnr sensor 39 on thc first
air passage 13 side.

Therefore, in step 2179, the diiTerence between the
deteclecf temperature of Ihe post-evaporator sensor 39 ancf
the actual temperature nf the air immediately after passing
through the refrigerant evapnratnr 7c in the second air
passage 14, the cnrrection amount ASW2T is determined so
as to bccomc larger in accordance with thc increase of the
diffcrcncc bctwccn thc temperatures of thc airs on the
suction sale of. Ihe evaporator in the respective air passages,
i e., Ihe chlTerence between Ihe iniude air temperature Tr and
outside air temperature 'I'ain.

Then, it proceeds to step 2180, and the target npening
degree SW2 is set by adding the ASWZ and ASW2T tn the
SW. Then, it procccds to step 2181, and thc SWI is sct to thc
SW. In this way, it is possible to suppress the increase of thc
upper,'lower temperature dilTerence due lo the decrease in
the temperature of the outsicfe air.

As descrilied above, in the air conditinner in ivhich the air
mix doors lla and lib are controlled independently, it is
possible to suppress the increase in the upper fniver tem-
pcraturc diffcrcncc duc to thc decrcasc in thc temperature of
thc outsiclc air. Also, since thc opening degree of thc air mix
door lib lowering the temperature of Ihe air condiuoned air
is corrected so as lo become larger in accorcfance with Ihe.

decrease in the temperature of the nutside air, it is possible
to prevent the uncomfortable cnof feeling due to the condi-
tioned air blnwn nut from the defroster opening pnrtion 16
from givin to thc passcngcr.

When in step 2177 it is dctcrmined that thc coniprcssnr 7a
is '*on', it proceeds to step 2182. However, in this case, Ihe
upper,'lower temperature dilTerence is almost not caused i.e.,I'., because Ihe temperature of. the concfitioned air blown
out from the fnnt npening pnrtinn 15 is largely lowered as
illustrated in FI(i 12 when the compressor 7a is sivitched
from "oft 'o "on'.

In this cmbodimcnt, it proceeds to step 2182, and each of
the SW1 aml SW2 is set to the temporary opening cle ree.

SW which has been calculated in Ihe step 2171.
Next, a fourth embodiment of Ihe present invention wdl

lie descrilied. The fnurth embodiment slightly differs from
the first embodiment ivith reference to Fl(iS I and 7. More
specifically, as illustrated in FIG. 14, the inside air side
tcmpcraturc sensor 200a is disposed on a doivnstrcam air
stile of Ihe heater core 8 in the lirst air passage 13, and Ihe
outside air sicfe temperature sensor 200b ts disposecl on a
downstream air stele of. Ihe healer core 8 in ihe second air
passage 13

The inside air side temperature sensor 200a detects the
tcmpcrature of conditioned air, which is adjusted by thc air
mix door lla, in thc first air passage 13. Thc outside air side
temperature sensor 20Ub detects the temperature of condi-
tioned air, which is ail(usted by Ihe air mix door lib, in ihe.

seconcf air passage 14. The inside air side temperature sensor
200a is dispnsed at a position sn as tn preferably mix
(air-mix) the warm air passing thrnugh the heater cnre 8 in
thc first air passe c 13 and the cnoi air passing throu h thc
bypass passage 9a.

The outside air stele temperature sensor 2UOb is also
disposecf at a position so as lo preferably mix (air-mix) Ihe
warm air passing through the healer core 8 in the second air
passage 14 ancl the cnof air passing thrnugh the bypass
passage 9b. I'hese inside air side temperature sensor 200a

and outside air side temperature sensor ZOUb are connected
to input terminals of the L('U 33 in I l(i. 5

In this embodiment, the follnwing air conditinning control
is perfnrmed by using the inside air side temperature sensor
200a ancl the outsiclc air siclc tcmperaturc sensor 200b. Such
an air conditioning control process will be described with
reference to FIG. 15. Only Ihe slap 135U in FIG. 15 dilTers
from Ihe step 13UO in HG. 7, aml the descnptions of ihe
other steps are omitted herein.

lo When the foot mode or the fontidef mnde is determined
in step 1200, it prnceeds to step 1350, and it is determined
whether or not the diffcrcncc bctwccn thc tcmpcrature Tl of
conditionccl air dctcctcd by the inside air side tcmpcraturc
sensor ZUOa and Ihe temperature T2 of. comhtionecl air
detected by Ihe outside air side iemperature sensor 20Ub is
ivithin the predetermined comfortable range nf the tempera-
ture TU In this embodiment, the above T(f is set lo30''hen

in step 1350 the determination is "YLS*', i.e, the
diffcrcnce is within thc preclctcrminccl range T, it proceeds to

oo step 1400, and thc two-layer niode is sct. On the other hand,
when in step 1350 Ihe determinauon is "NO', i.e, ihe
difference is not within the precletermined range T, it pro-
ceeds tn step 1500, and the outside air intrnductinn mode is
set

as Accnrdingly, in the embodiment, when the difference is
within the prcdetcrmined range T, it is detcrmincd that thc
passen er fccls comfortable, and thc two-layer mode is sct
On the other hami, when Ihe ou(side air temperature Tam is
extremely low and the dilTerence between the outside air

.io temperature Tam and the inside air temperature 'I'r is very
large, the difference is beyond the predetermined range T, it
is determined that the passenger dnes not feel cnmfortable,
ancl thc outsiclc air introduction mode is sct.

In this way, only when thc uppcrilower tcmperaturc
is difference is within Ihe range where the passen cr feels

comfortable, the mr conditioning control is performed with
Ihe two-layer mode. The above T (in Ibis embodiment30'')

may be set depending on the vehicle
A fifth embodiment nf the present inventinn will be

ao clcscfiiiccf.
Further to the construction of the above-mentioned

embodiment, there may be added a slap for deierminin ~

whether or nol the air mix doors lla anil lib are controlled
lo the posiuon (Ihe chain line position of FIGS. 2 and 3)

as (hereinafter referred to as "the maximum cool position'*) in
ivhich all the cool air from the refrigerant evaporator 7c
passes through thc bypass passage 9 by determining whether
or not the SW is 0 (%) or less. When in this step determi-
nation is "YES', ihe first sucuon port openingiclosing door

so 30 may be controlled lo ihe solid line posiuon of FIG. 3.
In ibis case, when Ihe second suction port opening/closing

door 31 is located at the chain line position of I l(i 4, the
inside air is introduced from the first inside air suction port
26 ivhich is niore adjacent to thc suction openings 25 of thc
first fan 6a than thc second insiclc air suction port 28 which
is more apart therefrom, and il is possible to reduce ihe air
fiow resistance low, thereby obtainmg a larger amount of air
When Ihe air mix doors 11 are located ai the maximum otol
positinn, the second suction port opening,'closing door 31 is

so cnntrnlled to the chain line positinn of I l(i. 4
Next, a sixth enibodinicnt of thc present invention will bc

describe cl.

In each of the above-mentioned lirsi to third
embodiments, although ihe microcomputer of ihe EGO 33

ss determines Ihe insideioutside air mode in the step 1000 in
each of Fl(iS 7 and 9, in this embodiment, there is no such
function but provided an insideioutside air mnde setting
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sw&lch on the operauon panel 34 (FIG. 5). The s&gnal from
this switch is input to the E(:I/ 33, and in accnrdance with
the state ot'h&s signal, the positinns of the dnors 30 and 31
are controlled.

In this cmboriiment, thcrc is no process of step 1000 in
FIGS. 7 and 9. When the subroutine in FIG. 7 or 9 is called,
the process of step 11UO &s &mmeriialeiy executed. In lh&s step
IIUU, u is rieterm&ned whether or not the oul&ude a&r inlro-
ductinn mode has been set by the inside nutside air mode
setting switch.

Next, a seventh embodiment of the present invention &vill

bc described.
In this cmbodimcnt, on the operation panel 34 (FIG. 5),

there are provided a temperature aching lever for selung lhe.

positton of each of the air m&x doors lla and 11/&, an air
outlet mnde setting lever for setting the bloivnut mode and
an inside,'nuts&rle air mode setting lever for setting the
inside/outside a&r mode

Also, in thc air conditioning case 2, thcrc are provided a
maximum hot switch for detecting whether each position of
the atr m&x doors lla anti lib is at the max&mum hot
posttion, an air outlet mode sw&lch for detecung whether lhe
air outlet mode is in the font mnde or foot def mode, and an
inside,'outs&de air mode switch for detecting whether the
inside,'outs&de air mode is in the outside air introduction
ma&le.

In this embodiment, by processing thr signals from these
sw&&ches &n an analog c&rcuit, the same de&arm&nauons as
those performed &n the steps 110U lo 1300 of FIG. 7 in lhe.

above-ment&oned first embodiment are performed
As described above, in this embodiment, it is possible to

perfnrm the same control as that in the first embodiment
without thc ECU 33.

Next, an eighth cmbodimcnt of thc present invention will
be described.

In this ambo&hment, further lo lhe construct&on of ihe first
embod&ment, the follow&ng control process &s added. When
a state where each of the air mix donrs 1 la and ll/& is incated
at the maximum hot position (in the state of heating the
passcngcr compartment rapidly) continues for a while and
such a state is rclcascd after thc interior of thc passenger
compartment has become warmed up, the a&r mix rioors lla
and lib are lixed to the maximum hot position until the lira&

suet&on port opening/closing door 3U has been completely
sh&fted from the snlid line positinn to the chain line position
&n I'IG 4 and then these air mix doors lla and lib are
movcri in a riircction where thc bypass passages 9 arr
opcncri.

The reason why th&s embodiment &s constructed as lhe
above will be riescribed.

Dunng the delerm&nal&on of. '*YES'n slap 13UU of. FIG.
7, the inside,'outside air mode is set to the two-layer mode,
and further the air mix donrs ll are set at the maximmn hot
positions. That is, thc warm inside air is introduced into the
first air passe c 13, and all thr cool air from thc refrigerant
evaporator 7c passes through lhe heater core g.

When the intenor of lhe passenger compartment &s

warmed up lo some extent aml as a result lhe delerminauon
&n step 1300 is '*NO**, if the air mix dnors 11 and the first
suction port opemng/closing door 30 are simultaneously
movcri, thc cold outside air is introduced into thc first air
passage 13 instead of thc warm inside air, and in addition,
the cool air tlows through the bypass passage 9, so ihal lhe
temperature of the air blown out from the fool open&ng
poruon 16 rapidly decreases.

As a result, the 'I'AO calculated in the step 130 of FIG 6

becomes rapidly high and the SW that calculated in the step

160 becomes high. Accordmgly, the determinauon &n step
130U of. FIG. 6 becomes "YES'* again.

Thc inside outsiric air morlc becomes the two-layer mode
anti the air mix rioors lla and lib arc rotated to thc
maximum hot positions. As a result, the heating capacity for
the passenger compartment becomes larger and therefore the
determ&nation &n step 13UO becomes "NO'oon. Then, these
operauons are repeatedly performed, &hereby causing the
hunting of the air mix rloors lla anil fib.

&o
In this cmboriimcnt, in orricr to prcvcnt thc hunting of the

air mix doors lla and ll/&, when the determination in step
1300 has changed from "Ylh*'o "NO'*, both of the first
suet&on port opening/clos&ng door 30 ami air m&x doors lla
and lfb are nol moved s&multaneously but only the first
suction port opening ciosin door 30 is moved at first and
then thc air n&ix doors lla anti fib arc moved.

A ninth embodiment of the present invention w&ll be
described.

In the e&ghlh embodimenl, only the lirst suet&on port
opening clos&ng door 30 &s move&i at lirst ami then the air

oo mix doors lla anti lib arc n&oved, howcvcr, in thc ninth
embod&ment, such an operaung or&ter is reversed.

Thalia, in lh&s embodimenl, &n order lo lhe hunting of lhe
air mixing doors 1 la and ll/&, the determination in step 1300
has changed from "YES** to "NO'*, both of the first suction

xs port opening'closing door 30 and air m&x doors lla and lib
are not moved simultaneously but only thc air mix doors lla
and fib are moved at first and then the first suction port
opening clos&ng door 30 is moved.

In lhe first embodiment, in step 13UU of FIG. 7 &t &s

.io determined ivhether or not the air mix doors I la and lib are
at the maximum hot positions (SW~ I(N), however, it may
be detem&ined on the condition that the maximum hot
position includes a state where a small amount of cool air
flows through the bypass passe c 9. For example, it may bc

&s determ&ned whether or not SW~90 (%).
Also, iurlher to the rx&us&rue/ion of each of the above-

menl&oned embod&ments, when the iieirosler mode has been
set by the defroster switch (not illustrated) provided on the
operation panel 34, the hrst suction port openin /closing

&o door 30 may be set at thc chain line position of FIG 4
regardless of ivhcther or not thc air mix doors 11 arc located
al the max&mum hol position or maximum cool position In
th&s way, when the outs&de air mtroducnon mode has been
sel, the outside a&r is always introduced into each of the air

as passages 13 and 14, and therefore it is possible to improve
the frost prevention performance of the front windshield

In each of the above-mentioncrl cmboriimcnt, when thc
outside air is introduceri into each of the air passages 13 anil
14, the lira& suction port openmg/closing door 30 is sel at lhe

so chain hne pos&non of. FIG. 4, and the outside air from lhe
outs&de air suction port 29 is introduced into each of the a&r

passages 13 and 14, however, as illustrated in l&IG. 16, there
may he provided a first inside air suction port 26, an outside
air suction port 44 and a suction port opemng ciosin door
45 for seicctivcly opening or closing these suction ports 26
and 44 on lhe one end s&de of. lhe lirst air passage 13. When
lhe outside air is mlrodu cod into each of. lhe a&r passages 13
and 14, the both ou(side air sucuon porus 29 ami 44 are
opened

In the hfth embodiment, it is determined whether or not
thc air mix doors 11 arc at thc maximum hot positions
(SW~O), however, it may bc rlctermincd on thc condition
that lhe max&mum hol pos&tion &ncluries a state where a small
amount of. cool a&r fiows through the healer core 5 For

ss example, i&may be determine&i whether or not SWfiIO (9%).
In the second embodiment, it is determined whether the

front windshield may be frosted by determinin ivhether the
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temperature rligerence AT between the temperature of lhe.

inside air and the temperature of the oulsirle air is lower than
thc prcdctcrmincd temperature T(l, however, it may be
dctcrmincd by dctcrmining whether the engine cooling
water temperature is equal to a predetermined temperature
(e g., 38': j or less.

In the third embodiment, in lhe foot mode or foot/clef.
mode, the air mix doors 11a aml Ilb have lhe difierent
opcnin dcgrccs from each other, however, thc air mix doors
Ila and Ilb may have the ditfcrcnt opening dcgrccs front
each other in the bi-level mode in order to achieve the head
cooling and foot heating as a comfortable feeling of ivarmth
to the passenger The present invention may be also apphed
to the air conihuoner in which lhe air mix doors (la and Iff)
have thc dificrcnt opcnin dcgrccs from each other in the
face mode.

In the third embodiment, the opening degree of the air mix
door lib for adlusting the temperature of the air outside the
passenger compartment is corrected in accorrlance with lhe
decrease in the temperature of. the air outside the passenger
compartment, however, thc opcnin degree of thc air mix
door Ila may bc corrected in such a manner that the
temperature of the conditioned air adjusted by the air mix
door Ila dccrcascs in order to reduce thc upper/lower
tcmpcraturc dificrcncc. Further, only thc opcnin degrcc of
the air mix door lfa may be correclerl.

In the third embodiment, the inside/outside air mode is set
to the two-layer motte when the air outlet mode is in lhe. foot
mode or the footidef mode, however, the two-layer mode
may lie set, when the target air temperature TAO is equal to
a prcdctcrmincd value or morc.

In thc second embodiment, thc air niix doors lla and lib
are rotateil integrally, the present invention may be also
applied lo the air mix doors Ila and Ilb rotated indepen-
dently from each other as in the third embodiment.

In each of the aliove-mentioned embodiments, the heating
heat exchanger is constructed by the heater core 8 using the
cnginc cooling water as thc heat source, however, thc
heating heat cxchangcr may bc constructed by an electric
healer generating heat by supplying an electnc current
thereto, a condenser having a heal pump type relngeration
cycle, or the ld e.

In each of the above-mentioned embodiments, the present
invention is applied to an air-mix type air conditioner for a
vehicle, in which thc temperature of conditioned air is
controlled by adiusting the opening degrees of thc air mix
doors Ila and lib, however, thc present invention may be
applied to a re-heat type air conditioner for a vehicle, in
which the temperature of. comhnoned air ts controlled by
adjusting the amount of the hot water supplied to the heater
core 8 or the temperature of the hot water

Although thc prcscnt invention has been fully dcscribcd in
connection with the prefi:rrcd embodiments thcrcof with
rcfcrcncc to thc accompanyin drawings, it is to bc noted
that various changes anil modifications will become appar-
ent to those slolled in the art. Such changes and modifica-
tions are to lie understood as being included within the scope
of the present invention as defined in the appended claims

What is claimed is:
1. An air conditioner for a vehicle having a passenger

compartment, comprisin;
an air conditioning case in which a first inside air suction

port and an outside air suction port arc formed on onc
anil sale and a fool opening portion for blowing out an
air toward feel of a passenger within saul passenger
compartment and a rlefrosler opening porhon for blow-
ing out the air toward an inner surface of a ivindshield
of said vehicle are formed on the other end side thereof;

iu

is

as

so

a parlitiomng member for partitioning an interior of said
air conilitiomng case into a lirsl air passage extending
front said first inside air suction port to said foot
opening portion and a second air passage cxtcnding
from said outside air suction port to said defroster
opetiittg poetic)1;

an air blower for generating air flow in said tirst and
second air passa cs in a tlircction from thc onc end sitlc
to the other end side of said air conditioning case;

a heating heat exchanger providcrl m said first and sairl
second air passa cs, for heating thc air in said first and
second air passages;

lirst heahng amount adjusting means for adjushng a
hcatin amount of the air in said first air passage by sairl
hcatin heat cxchangcr;

second heahng amount aillusnng means lor adjusting a

heahng amount of the air in said seconil air passage by
said heating heat cxchan cr, sairl heating amount by
saitl second heating amount arljusting means being
controlled to be equal to said heating amount by said
tirst heating amount adjusting means; and

maximum heaung state delecung means lor detecting that
both of said lira( heating amount adjusting means and
said second heating amount adjusting means are in the
Inaximum heating states ivhere each healin amount is
substantially maximized; wherein,
when said maximum heating state dctccting means has

dctectcd said maxiniuni heating state, the inside air
from said first inside air suchon port is introduced
into said lira( air passage aml lhe outsi&le air from
said outside air suction port is inlroducetl into said
second air passage, and

when said maximuni heating state tlctccting means has
not yct detected the niaximum heating state, thc
outside air from said outsitlc air suction port is
introduced into said lira( and second air passages.

Z. An air condiuoner as sel forth in claim I, wherein,
said air conditioning case includes therein a lirst bypass

passage formed in said first air passage, for bypassing
said heann ~ heat exchanger, aml a second air passage
formed in said second air passage, for bypassing said
heating heat exchanger,

said first heating amount adjustin means is disposed in
said hrst air passa e and includes hrsl air amount ratio
adjusting means for adjustin an air amount ratio
bctwcen an amount of air passin throu h sairl heating
heat cxchan cr anil an amount of air passing through
said lirsl bypass p)ssage

said second heating amount adjusting means is disposed
in saitl second air passage anil includes second air
amount raiio adjusting means for adjusting an air
amount ratio between an amount of air passing through
said heating heat exchanger and an amount of air
passing throu h said second bypass passage

3. An air conditioner as set forth in claim I, further
composing

frost condition detecting means for detecting a condition
that said wintlshieltl may bc frosted, wherein,
when said frost conditions tletccting means has

detcctetl saitl condition, thc outside air from said
outside air suction port is intrmluced into said first
and sera)nd air passages.

4. An air conditioner as set forth in claim I, wherein,
said air conditioning case incluiles therein on the one end

side a communication passage for communicanng
betiveen said first air passage and said second air
passage,



when the inside air from said lirsl inside air suction port
is introduced intn said first air passage and said outside
air frnm said outside air suction port is introduced into
said seconcl air passage, said communication passage is
closed; and

when the outside air from said outside air suction port is
introduced into saicf lirst ancf second air passages, lhe.

communicatinn passage is opened to introduce the
outside air into said tirst air passage through said
communication passage.

5. An air conchtioncr for a vehicle having a passcngcr
compartment, comprising.

an air conditinning case having a font opening pnrtion for
blovving out an air tnward feet of a passenger in the
passcngcr compartment, and bavin a defroster open-
ing portion for blowing out the air toward an inner
surface of a windshield of the vehicle;

an inlet port swnching means having an inside air inlet
port and an outside air inlet port for opening and
clnsmg said inside air inlet pnrt and said outside air
inlet port, said inside air port for introducing an inside
air to said air conditioning case, said outside air inlet
port for introducing an outside air to said air condi-
tioning case;

a heating heat exchanger for heating an air in said air
conditiomng case; and

air-temperature acljusling means lor ruljusting a healing
amount of. said heating heat exchanger, wherein.
an air passage within said air conditinning case is

partitioned tn form a first air passage to induct inside
air introduced by operating said inlet port sivitching
means to said foot opening portion, and a second air
passage to induct outside air introduced by operating
saicf inlet port switching means lo said defroster
opening portion when said tool opening porhon ancf

saicf clefroster opening portion are boih simulta-
neously opened when said air-temperature adjusting
means is nperated at a location where said heating
amount is maximized and a niaximum heating state
is cstiiblishccl;

the air comhhoner includes maximum heating stale.
deleclmg means for detecting that saul air-
lemperaiure adfushng means is in smd maximum
heating state; and

said inside air is introduced to said fnot opening portion
via said first air passage, and said outside air is
introduced to said defroster opcnin portion via said
secoml air passage, when saicf heating slate detecting

iu

is

lo

as

means detects said maximum heating sLate of said
air-temperature adlushng means.

6. An air conditioner for a vchiclc having a passenger
compartment, comprising:

an mr cond)honing case havmg a fool opemng porhon for
blowin ~ out an air toward feet of a passenger in ihe
passen cr compartnicnt, and having a dcfrostcr open-
ing portion for blowing out thc air toward an inner
surface of a windshield of the vehicle;

an inlet port switching means having an inside air inlet
port and an outside air inlet port for opening and
closing said inside air inlet port and said outside air
inlet port, said insiclc air inlet port for introducing an
inside air to said air conditionin case, saicl outsiclc air
inlet port for introducing an outside air to saicl air
condihonin case;

a heating heat exchanger for heating an air in saicl air
conclitioning case; anil

air-tcmperaturc acljusting means for acljusting a heating
aniount of said heating heat exchanger, whcrcin
an air passage within mid air conditioning case is

perl)ironed io form a lirst air passage lo induct inside
air introduced by operating said inlet port switching
means to said foot opening portion, and a second air
passage to induct outside air introduced by operating
said inlet port switching means to said defroster
opcnin portion when said foot opening portion and
said defroster opening portion are both simulta-
neously opened when mid air-temperature adfushn ~

means is operated at a location ivhere saicl heating
amount is maximized and a maximium heating state
is established;

the air conditioner includes maximum heating state
detectin means for dctccting that saicl air-
lemperature adjusting means is in said maximum
healing si ale,

said inside air is introduced to said loot opening porhon
via said hrst air passage, and said outside air is
introduced to said defroster opening portion via said
second air passage, ivhcn said heating state dctccting
nicene detects said maximum heating state of said
air-temperature adjustmg means, anil

said outside air is introcluced to saicl fooL openin ~

portion and saicl defroster opening porhon when said
maximum heating state detecting means has not yet
detected said maximum heating state nf said air-
tcniperaturc adjusting means.
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